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BIOCIDE CQMPOSITIOH 


The present Invention relates to compositions wiiich are 
useful as industrial biocides. 

Industrial biociaes are useful to prevent industrial 
spoilage, in particular that caused by bacteria and fungi* Materials 
\^ich can be used as industrial biocides have antimicrobial 
properties and particularly have antifungal and antibacterial 
properties. Such materials are useful in the preservation of paints, 
latices. adhesives, leather, wood, metal working fluids and cooling 
water. 

Many compounds have been disclosed ^ich have 
anti-microbial activity and some of these confounds are coomercially 
available and are used as industrial biocides. However, whilst these 
materials can provide useful protection, a need remains for materials 
having iaspxoved characteristics. 

In our European Patent Application Publication No 249328, 
we disclose that certain cyclic confounds have useful az.:.imicrobial 
properties and can be used as biocides. We have now found that when 
used with other conq>ound8 having antimicrobial properties a 
beneficial effect can be achieved. 

According to the present invention there is provided a 
composition which comprises A) at least one conq)ound of the 
formula (I) 


A 

X \ 

B N - OR 
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or a salt or complex thereof; and 

B) at least one other biologically active confound which is 
(i) an agent affecting membrane permeability; 
(ii) an isothiazolinone or an isothiazolothione; or 
(iii) an aldehyde; 
herein 

A is a nitrogen or carbon atom, ^ich may be substituted; 
B and D are, independently* oxygen or sulphur or a nitrogen or 

carbon atom ^fhich may Si substituted; or 
A and/or B and/or B and/or D may be part of a ring system; 

R is hydrogen, a hydrocarbyl group, a substituted hydrocarbyl 
group, an acyl group, a substituted acyl group or a group 
-COOR^; and 
R^ is a hydrocarbyl group 
with the proviso that B and D are not both sulphur or both oxyg&n. 

The bonds between the groups A and B and between the groups 
B and D may be single or double bonds but it will be appreciated that 
there can be only one such double bond in the ring. 

The group A, and optionally one -or both of groups B and D 
can be a group -CCR^)^-; a group -CR^-; a group ^ C»NR^; a group 
-NR - or a group -N"; ^ere R is a hydrogen atom, a hydrocarbyl 
group, a substituted hydrocarbyl group or two groups R , together 
with the carbon atom, or carbon atoms, to x^iich they are attached 
form a ring. 

The groups A, B and I) can form part of a further ring 
system but generally not more than two of the groups A, B and D form 
part of a further ring system. The further ring system is typically 
a hydrocarbon ring system containing five or six carbon atoms, for 
example a cyclopentene, cyclohexane, cyclohexene, cyclohexadiene or 
benzene ring. The further ring system, if present, typically 
contains one or both of the groups A and B. If only the group A 
forms part of a ring system, this may be a cyclohexane ring of the 
type 
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CH^ CH^ 


CH^ 


CH^ CH^ 

^ere thp group A is the carbon atom with the two free valences, 
which arc linked to the group -NOR- and B respectively. If both A 
and B form part of a ring system, the further ring is then fused to 
the azolethione ring system; for example as in 
3-hydroxy-4, 5, 6 , 7-tetrahydrobenzothia2ol-2(3H) -thione . 

In many of the compounds used in the biocide compositions 
of the present invention, the groups A, B and/or D are not part of a 
further ring system. Thus, if A, B and/or D is a carbon atom, or 
stibstituted carbon atom, it may be, inter alia, a group -CH-. 
-CCCHj)-. -CCC^H^)-. -CCCgHj)-. -C(CgH^Cl>-. -CCCHj)^ or C-NH. It 
will be appreciated that in the foregoing, the group is a hyd- gen 
atom, a methyl, ethyl, phenyl or chlorophenyl group. The grou* 
typically is a hydrogen atom, a lower alkyl group, that is on- 
containing up to five carbon atoms, an aryl group or a subst: i 
alkyl or substituted aryl group. If the group R^ is a substi: 
group, each substituent is a hydrocarbonoxy group, a hydrocarbonthio 
group, an acyl (that is a hydrocarboncarbonyl) group, an ester (that 
is an acylozy) group, a halogen atom, a nitrile group or a hydroxy 
group. 

Preferred cQiiq)ounds are those in which the groups A ani^ B 
are both optionally substitute'd carbon atoms and the group D is a 
sulphur atom or an optionally substituted nitrogen atom. The groups 
A and i are preferably linked through a double bond as in the group 
-CR^-CR^, in which the groups R^ may be the same or different. It is 
preferred that D is a sulphur atom. 
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The group R may be a hydrogen atom, an acyl group such as 
benzoyl or acetyl* or an alkoxycarbonyl group such as an 
ethoxycarbonyl group. If the group R is a substituted group the 
substituent may be as disclosed for the group R or may be a 
substituent \^iich contains a further ring system of general formula 
I, the two ring systems being linked through the group R, for example 
as in the glutaryl bis ester of the formula: 


OCOCH2CH2CH2COO 



CQnq>onent (A) of the composition may be a salt or complex 
of the confound of general formula I. The salt or complex may be one 
x^ch contains any metal. The metal may be a transition metal, for 
exanqjle a metal of group VIII, IB or IIB of the Periodic Table. Such 
metals include iron, copper and zinc, particularly such metals in 
their tnwT-jmura possible valency state. 

All references herein to the Periodic Table are to the 
Periodic Table according to Mendeleeff , as set out on the inside rear 
cover of "General and Inorganic Chemistry" by J.R.Paxrtingon, Second 
Edition published by Macallan and Co .Limited, London. 

For convenience hereafter,* the compounds of the general 
formula I, and salts and complexes thereof will be referred to simply 
as "Conq>ound I". 


A wide range of Compounds I can be used as component (A) in 
the compositions of the present invention. The Compounds I have 
anti-microbial activity against a wide range of micro-organisms. 
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Compounds I which can be used in the compositions of the 
present invention include: 
3-hydroxy-4-methylthiazol-2(3H) -thione, 
3-benzoyloiy-4-methylthiazol-2 (3H) -thione , 
3-hydroxy-4-phenylthiazol-2 ( 3H) -thione , 
3-hydroxy-4 ,5.6. 7- te trahydrobenzo thiazol-2 (3H) -thione , 
3-acetoxy-4-methylthiazol-: 3H) -thione, 

the glutaryl bis-ester of 3-hydroxy-4-methylthiazol-2{3H) -thione. 
5 . 5-dimethyl-l-hydroxy-4-imino-3-phenylimidazolidine-2- thione , 
l-hydroxy-4-imino-3-phenyl-2-thiono-l . 3-diaza8piro [4.5] decane . 
l-hydroxy-5-methyl-4-phenylimidazoline-2-thione. 

3- ethoxycarbonyloxy-4-methylthiazol-2 (3H) -thione , 
4 , 5-dimethyl-3-hydroxythiazol-2 (3H) - thione , 

4 . 5-dimethyl-3-acetoxythiazol-2{3H) - thione, 

4- ethyl-3-hydroxy-5-methylthiazol.2(3H)-thione, 
4-ethyl-3-acetoxy-5-methylthiazol-2(3H) thione, 

4- ( 4-chlorophenyl ) -3-hydroxythiazol-2 (3H) - thione , 
3-hydroxy-5-methyl-4-phenyl thiazol-2 ( 3H) - thione , 
3-acetory-4-phenylthiazol-2(3H) -thione, 

and the metal complexes and salts thereof • The metal conQ)lexes and 
salts thereof include ferric, cupric and zinc complexes and salts 
such as 

the zinc complex of 3-hydroxy-4-methylthiazol-2(3H) -thione, the 
ferric C0(n5)lex cf 3-hydroxy-4-methylthiazol-2(3H)-thione. 
the cupric conq)lex of 

l-hydroxy-4-imino-3-phenyl-2-thion-l,3-diazaspiro [4.5]decane. 
the cupric caiqilex of 4,5-dimethyl-3-hydroxythiazol-2(3H)-thione, 
the zinc complex of 4,5-dimethyl-3-hydroxythiazol-2{3H)-thione. and 
the zinc complex of 4-ethyl-3-hydroxy-5-methylthiazol-2 (36) -thione. 

We have obtained particularly useful results ^en component 
(A) is the zinc conq)lex or salt of 3-hydroxy-4-methylthiazol-2(3H) 
-thione. 
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Component (B) (i) of the composition is an agent affecting 
membrane permeability. Action on general membrane permeability is 

discussed in "Pharmaceutical Microbiology' edited by W.B.Bugo and 
J,B,Ru8sell. published in 1977 by Blacfcwell, Chapter 11, specifically 
at pages 202 and 204* The discussion indicates that treatment of 
bacterial cells vith certain substances causes a leakage of a group 
of characteristic chemical species* Potassium ion is indicated to 
the first substance to appear -wHen such damage occurs. Materials 
which cause such an effect can be'used as con^>onent (B) (i) of the 
coixq>08ition of the present invention. CQiq>onent (B) (i) may be a 
phenol and o-phenylphenol has been found to give a useful effect. 

Cationic disinfectants can be effective as an agent 
affecting membrane permeability. By disinfectant we mean a material 
^^ch is able to destroy pathogenic micro-organisms but not 
necessarily resistant spores as discussed on page 701 of "Medical 
Microbiology", 11th edition (1965) by R.Cruickshank. published by E 
and S Livingstone Ltd- Effective cationic disinfectants for use in 
the con^^ositions of the present invention include biguanides and. 
quaternary ammonium compounds. 

Biguanides which may be used in the compositions of the 
present invention contain at least one biguanide unit of the formulk 
(II):- 

-NC^C-HH-C-NH- (II) 

II II 

NH NH 

Typically the biguanide contains at least two units of the 
formula (II) x^ich are linked by a bridging group \^ich contains at 
least one methylene group. The bridging group may include a 
polymethylene chain x^ch may optionally be interrupted by hetero 
atoms such as oxygen, sulphur or nitrogen. The bridging group may 
include one or more cyclic nuclei which may be saturated or 
unsaturated. It is generally preferred that the bridging group is 
such that there are at least three, and especially at least four. 
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carbon atoms directly interposed between two adjacent units of 
formula (II) . In general it is preferred that there are not more 
than ten carbon atoms, especially not more than eight carbon atoms, 
interposed between two adjacent units of the formula (II). 

The biguanide units may be terminated by any suitable group 
which may be a hydrocarbyl or substituted hydrocarbyl group or ^ich 
may be an amine group or an amine hydrochloride group or by a group 
-NH-C-NH-CN 

II 

NH 

If the terminating group is a hydrocarbyl group this may be an alkyl» 
cycloalkyl or aryl group or may be an alkyl, cycloalkyl or aryl group 
or may be a combination thereof as in an aralkyl group. If the 
terminating group is a substituted hydrocarbyl group, the substituent 
can be any substituent which does not have an undesirable adverse 
effect on the microbial activity of the biguanide conqjound and 
typically is a hydrocarbonoxy group, a hydrocarboncarbonyl (than is 
an acyl) group, an ester (that is an acyloxy) group, a halogen atom 
or a nit rile group and there may be more than one substituent, for 
example more than one halogen atom* 

A suitable biguanide is a material which contains two units 
of the formula (11) and in \rhich the the units are linked by a 
polymethylene group, particularly a hexamethylene group. The 
terminating groups may be A-chlorophenyl groups, for exan5>le as in 
the compound of formula (III):- 

H H H ' H H H 

III III 

II II Ml 

NH NH NH NH 

The compound of formula (II) is available as a 
chlorhexidine salt. 


I 
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The bigiianide may alternatively be a polymeric bigtianide» 
for example a linear polymeric biguanide vbich has a recurring 
polymer unit represented by the formula 

-X-NH-C-NH-C-NH-Y-NH-C-NH-C-NH^ 

II II II II 

KH NH NH NH 

\rtierein X and Y may be the same or different and represent bridging 
groups in which together the total number of carbon atoms directly 
interposed between the pairs of nitrogen atoms linked by X and Y is 
at least 9 and not more than 17* 

The bridging groups X and Y may consist of polymethylene 
chains, optionally interrupted by hetero atoms, for example, oxygen, 
sulphur or nitrogen. X and Y may also incorporate cyclic nuclei 
which may be saturated or unsaturated, in which case the number of 
carbon atoms directly interposed between the pairs of nitrogen atoms 
linked by X and Y is taken as including that segment of the cyclic 
group, or groups, ^ich is the shortest. Thus, the number of carbon 
atoms directly interposed between the nitrogen atcnas in the group 



is 4 and not 8. 

The preferred polymeric biguanide for use in the present 
invention is poly(hexamethylene biguanide), in x^ich X and Y both 
represent the -(CH^)g- group. 

Polymeric biguanide s may be prepared by the reaction of a 
bisdicyanidiamide having the formula 
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CN-NH-C-HH-X-NH-C-NH-CN 

ii II 

NH NH 

with a diamine H^N-Y-NH^, herein X and Y have the meanings defined 
previously herein; 

or by reaction between_a diamine salt of dicyanlmide having 
the formula 

+ + - 
(H3N.X-NH3)(N(CN)2)2 

with a diamine H^N-Y-NH^ x^erein X and Y have the meanings defined 
previously herein. These methods of preparation are described in UK 
Patent Specifications Nos. 702,268 and 11522A3 respectively, and any 
of the polymeric biguanides described therein may be used as 
component (B)(1) in the composition of the present invention. 

The polymer chains are terminated either by an amino 
hydrochloride group or by an -NH-C-NH-CN group, and the terminating 

NH 

groups may be the same or different on each polymer chain. 

Typically, the polymeric biguanides are obtained as 
mixtures of polymers in which the polymer chains are of different 
lengths, the number of individual biguanide units, i.e. 

-X-NH-C-NH-C-NH- 

ii ii 

NH NH 
and -Y-NH-C-NH-C-NH- 

II II 

KB NH 


J 
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together being from S to about 80. 

In the case of the preferred polyChexamethylene biguaziide) 
having the formula (IV) 

(CH^ ) g-NH-C-NH-C-NH 

II II 

NH »H (IV) 
n 

the value of n is in the range from 6 to 15, the average molecular 
weight of the polymer mixture being from about 1100 to about 3300. 


The biguanides are used as salts with suitable inorganic or 
organic acids, for exaii^)le as the hydrochloride salts or the acetate 
or gluconate. 

The component (B)(i) may be a quaternary ammonium salt of 
the general formula (V):- 

[NR^rS^R^I E (V) 


where 


3 

R is a hydrocarbyl group or substituted hydrocarbyl group; 
R*, R^ and R^ may be the same or different and are a hydrogen 

atom or a hydrocarbyl group or a substituted hydrocarbyl 

group; and 

E is an anion having a valency and being in an amount to give 
a neutral coi!^>ound; 

wherein 

R^, R^, R^ and R^ together contain at least sir aliphatic carbon 
atoms or two or more of R^, R^ and R^, together with the nitrogen 
atom to xrtiich they are attached, form one or more heterocyclic rings. 

3 

Preferred quaternary aumonium salts are those in which R 
is a group containing at least six aliphatic carbon atoms. If any of 

O A C C 

the groups R , R , R or R is a substituted hydrocarbyl group the 
substituent may be a hydrocarbonoxy group, an acyl group, an acyloxy ; 
group, a nitrile group, a hydroxy group or a halogen atom. 
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The hydrocarbyl group may be an alkyl» cycloalkyl or aryl 
group or a mixture of such groups as in an alkaryl group • The 

quaternary ammonium compound may one in which not more than two the 
3 4 5 6 

groups R , R , R and R are alkyl groups containing at least six 
carbon atoms. In a compoi:-! of the foregoing type the remaining 
groups are preferably hydrogen, lower alkyl (as previously defined 
herein) or a group containing an aromatic ring such as a benzyl 
group. Alternatively, the residual groups may form a heterocyclic 
ring, for exan^le a pyridine ring or a nitrogen containing adamantane 
structure. 


The anion E is preferably a mono-valent anion such as a 
halide anion, a blsulphate (HSO^) anion or an alfcylsulphate anion. 

Quaternary ammonium con^>ounds which may be used as 
component (B)(1) in the composition of the present invention include 
diethyldodecylbenzyl ammonium chloride; 
dlmethyloctadecyl- (dimethylbenzyDammonium chloride ; 
dimethyldidecylammonium chloride; dimethyldidodecylammonium chloride; 
trimethyl-tetradecylammonium chloride ; benzyldimethyl (C, ^-C- o 
alkyl) ammonium chloride; dichlorobenzyldiioethyldodecylammonium 
chloride; hexadecylpyridinium chloride; hexadecylpyridinium bromide; 
hexadecyltrimethylammonium bromide; dodecylpyridinium chloride; 
dodecylpyridinium bisulphate; 

benzyldodecyl-bis (beta-hydroxyethyl) ammonium chloride ; 
dodecylbenzyltrimethylammonium chloride; benzyldimethyl (C^^-^is 
alkyl) ammonium chloride; benzyldimethyl (C^^l'^XS ammonium 
chloride; trlmethyl (C^2"^16 a^^^D ananonium bromide; 
dodecyldimethylethyl ammonium jb thy 1 sulphate; 
dodecyldlmethyl- (1-naphthylmethyl ) ammonium chloride ; 
hexadecyldimethylbenzyl ammonium chloride; dodecyldimethylbenzyl 
ammonium chloride and 

1- (3-chloroallyl ) -3 , 5 , 7-triaza-l-azonia-adamantane chloride . The 
quaternary ammonixom salt may be benzyldimethyl (Cj^2-Cjl5) alkyl ammonium 
chloride . 
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Camponent (B) (ii) of the composition is an isothiazolinone 
or an isothiazolothione . 

The isothiazolinone or isothiazolothione derivative which 
is coo^onent (B)(ii) of the ccnnposition is typically a compound of 
the general formula: 


Z 



vherein: 

Z is an oxygen or sulphur atom; 

is a hydrogen atom, a substituted or unsubstituted 
hydrocarbyl group, a substituted or unsubstituted 
hydrocarbylthio group* a substituted or unsubstituted 
hydrocarbyloxy group » a carbamoyl group or a cation; 

8 

R is a hydrogen atom, a halogen atom, a cyano group, or a 
substituted or unsubstituted hydrocarbyl group; 

9 

R is a hydrogen atom, a halogen atom, a cyano group, or a 
substituted or unsubstituted hydrocarbyl group; or 

8 9 

R and R , together with the carbon atoms to ^ich they are attached, 
form a five- or six-membered ring, \^ich may optionally be 
substituted. 
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Preferably component (B)(ii) is at least one 
isothiazolinone derivative, that is a coirpound in which Z is an 
oxygen atom. If the groups R^, R® and R ^re, or contain, 
substituted hydrocarbyl groups, the substituents may be as disclosed 
for the group R^ and are typically halogen, alkoxy or alkylthio, 
particularly those in johich the alkyl groups contain 1 to 4 carbon 
atoms. If R^ is a carbamoyl group, this of the general type -CONHR^^ 
where R^^ is a hydrogen atom or a hydrocarbyl group, %riiich may be 
substituted. It is generally preferred that the group R^ is a 
hydrogen atom or a lower alkyl group (as previously defined herein) . 
R^ is especially hydrogen or a methyl group. 

8 9 

R and R may, together with the carbon atoms to which they 
are attached, form a five- or six-membered ring, ^ich may be 
substituted, the substituents typically being halogen, alkyl, alkoxy 
or alkylthio groups. The ring thus obtained may contain a heteroatom, 
for exan^le a nitrogen atom but in general R® and R^ form a 
hydrocarbon ring such aF a benzene, cyclopentene or cyclohexene ring. 
Alternatively, R® and R^ are separate groups and one or both of R^ 
axif R can be a hydrogen atom. It is generally preferred that at 

OA 

le one of R and R is other than a hydrogen atom and is, 

par olarly, a halogen atom, for exaiiq>le chlorine or a lower alkyl 

group. 

Isothiazolinone compound (2 is oxygen) irtiich can be used as 
component (B)(ii) of the mixture include 2-methyli^othiazolin-3-one 
(R^ is methyl, R® and R^ are both hydrogen); 

5-chloro-2-methylisothiazolin-3-one (R^ is methyl, R® is hydrogen and 
R^ is chlorine); mixtures of the foregoing two compounds; 
4,5-dichloro-2-methylisoth_ zolin-B-one (R^ is methyl and R® and R^ 
are both chlorine); l,2-ben2isothiazolin-3-one (R^ is hydrogen and R® 
and R^, together with the carbon atoms to ^rtiich they are attached, 
form a benzene ring); 4,5-trimethylene-4-i8othiazolin-3-c- R^ is 
hydrogen and R® and R^ together with e carbon atoms to ^ich they 
are attached, form a cyclopentene rinfe> ; and 

2-methyl-4,5-trimethylene-4-i80thiazolin-3-one (R^ is methyl and R® 
and R^ together with the carbon atoms to ^ich they are attached, 
form a cyclopentene ring) . 


wo 92/01380 PCr/EP91/01293 


-14- 


In component (B)(ii), if R is a cation this may be a 
cation having a valency of more than one but is particularly a 
monovalent cation such as an alkali metal, ah amine or quaternary 
ammonium cation. 

Con^onent (B)(iii) of the composition is an aldehyde. 
Suitable aldehydes are formaldehyde and gluteraldehyde . 

Useful results have been achieved when conQ>onent (B) is 
o-phenylphenol» chlorhexidine hydrochloride salt, poly <hexame thy lene 
biguanide) hydrochloride salt, (C^2~*^16^ alkyldimethylbenzylanaaoniiMEi 
chloride, a mixture of quaternary ammonium chlorides including 
(C^2~^^S^alkjldisnethjlhenzyl^ octyldecyldimethyl, dioctyldimethyl and ; 
didecyl dimethyl ammonium chloride, 

5-chioro-2-methyli8othia201in-3-one, l,2-benzisothia2olin-3-one, 

2- methyl-4»5-trimethylene-4-isothiazolin-3-one, formaldehyde or 
glutaraldehyde . 

Useful CQnq)ositions in accordance with the present 
invention comprise 

A) the zinc complex or salt of 

3- hydroxy-4-methylthiazol-2(3H)-thione; and 

B) o-phenylphenol, chlorhexidine hydrochloride salt, 

poly (hexame thy lene biguanide) hydrochloride salt, (^i2'^16^ 
alkyldimethylbenzylammonium chloride, a mixture of quaternary 
ammonium chlorides including (C^-C^g) alky Idime thy Ibenzyl, 
octyldecyldimethyl, dioctyldimethyl and didecyl dimethyl ammonium 
chloride , 5-chloro-2-methylisothiazolin-3-one ; 
1, 2-benzisothiazoli2i-3-one ; 

2-methyl-4,5-trlmethylene-4-isothiazolin-3-one, formaldehyde or 
glutaraldehyde . 

The relative proportions of coiiq)onBnts (A) and (B) are 
dependent on the particular caiiq)onents , especially component (B) . 
The antimicrobial activity of materials which can be used in the 
compositions of the present invention varies quite widely, this being 
particularly so in respect of materials ^^lich can be used as 
component (B), some of which are effective at a concentration of less ; 
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than 10 ppm by weight whilst other materials may be used in amounts 
as high as O.IZ by weight to achieve an effect. Hence, depending on 
the particular combination of (A) and (B). the relative proportions 
thereof, by weight, may be from 100:1 to 1:50. 

The composition of the present invention may be prepared by 
mixing cmnponents (A) and (B) together using any suitable technique 
depending on the physical state of the components and their 
solubility. Thus, A and B may both be solids and be mixed together 
using any suitable solids mixing technique. Alternatively, A and B 
may be both be liquids and be mutually miscible. A and B may both be 
soluble in the same solvent and be mixed together as solutions in 
said solvent. A further alternative is to suspend one conq>onent 
^ch is a solid in a liquid medium which is the other component or 
is a solution of the other CQnq)onent in a liquid medium in ^^ch only 
one of A and B is soluble. 

The mixtures of the present invention provide in^roved 
anti-microbial activity allowing lower concentrations of conq)onent 
(A) to be used. 

The conq)08itions of the present invention provide good wet 
state preservation making the conq>ositions advantageous for use as a 
cutting fluid preservative and also in cooling water applications. 
Wood and leather preservation is another advantageous field of 
application of the conqjositions . The conqjositions of the present 
invention can also be incorporated into paint, as paint film 
fungicide and many of the compositions can be used without the 
addition of a further active component. 

The conq>ositions of the present invention may consist only 
of components (A) and (B) . However, typically the coiiq)osition 
conqjrises the components (A) and (B) as a solution, suspension or 
emulsion in a suitable liquid medium such as water. The composition 
may comprise a suspension or emulsion of the components (A) and (E). 
or a solution thereof, in a liquid medium in which one, or both, of 
the caiiq)onent8 is insoluble* 
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The composition may be incorporated into a medium to be 
protected against micro-organisms using any suitable mixing 
technique. The con^osition is incorporated into the medium to be 
protected in an amount to provide from 0,00002 to 5Z by weight of the 
cos^osition of (A) and (B) relative to the total canq»osition, more 
preferably from 0*00005 to 12 by weight of (A) and (B) . It will be 
appreciated that the quantity of the caiiq)osition of (A) and (B) 
required will be dependent on various factors such as the meditm to 
be protected, the micro-organisms' against which protection is desired 
and the extent of protection required. 

If the composition is being used to preserve a solid 
substrate such as leather or wood, the composition may be applied 
directly to the substrate or may be incorporated into a coating 
con^osition such as a paint, varnish or lacquer ic^ch is then applied 
to the substrate. Alternatively, the solid material may be 
iiiq>regnated with the composition of the present invention. 

The con^ositions of the present invention can be used for 
the treatment of various media to inhibit the growth of 
micro-organisms. 

Thus, as a further aspect of the present invention there is 
provided a method for inhibiting the growth of micro-organisms on, or 
■in , a m'^^'''™ which comprises treating the medium with a coinposition 
of (A) and (B) as hereinbefore defined. 

The composition can be used in conditions in which 
micro-organisms grow and causer problems such as , for example , in 
aqueous environments including cooling water systems, paper mill 
liquors, metal working fluids, geological drilling lubricants, 
polymer emulsions, and emulsion paints. The conq>osition can also be 
used to iiiq)regnate solid materials such as wood or leather or can be 
coated onto the surfaces thereof directly or incorporated into a 
paint, varnish or lacquer. 
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As a further aspect the present invention provides a 
material is susceptible to attack by micro-organisms and ^ich 

contains a composition of (A) and (B) in an amount sufficient to at 
least reduce attack by micro-organisms* 

Purthe: aspects of the present invention are described in 
the following ilxustrative examples. 

In the following examples, the products obtained were 
subjected to microbiocidal evaluation. The microbiological testing 
was effected, as follows: 


Preparation of Soil QT^llT^^» .ftmnio 

Soil was taken f ror a depth of up to 100 mm* the top 25 mn 
being discarded. To each gramme of soil (wet weight) was added 2 cm^ 
of sterile saline (0.85Z w/v sodium chloride). The resulting mixture 
was stirred for 30 minutes and allowed to settle for five minutes. 
The liquid was separated fr«n large particulate matter using a syphon. 

20 cm of the resulting liquid was added to malt broth to 
give a final volume of 1 dm^. 


Evaluation of Microbial Activity 

3 

10 cm of the soil/broth mixture prepared as described were 
3 

placed into 25 cm bottles. To the contents of each bottle were 
added quantities of one or more biocides to givt an 11 x 11 array 
containing different relative proportions of biocide or biocide 
mixture. The bottles were vortex mixed for 1-3 seconds and Incubated 
for one week at 25°C without agitation. 
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The bottles vere inspected and any containing visible 
bacterial or fungal growth were recorded and the contents thereof 
discarded. 10 nnn aliquot samples were r^oved from the remaining 
bottles and these were placed on malt agar plates, allowed to dry iand 
incubated at 25°C for two to three days* The presence or absence of 
growth was recorded and the bottles providing the aliquots giving 
growth were discarded. 


Immediately after removing the 10 mm aliquot sanqxles, 200 
UBS? portions of freshly prepare;! Soil Organism Sample were added to 
the remaining bottles. After a further week, 10 mm aliquot sampleiB 
were removed, placed on malt agar plates and evaluated for growth. 

The procedure described was continued until 3 portions, 

3 

each of 200 mm , of freshly prepared Soil Organism Senile had been 
added to the bottles containing the initial soil /broth mixture. 

Examples 1 to 10 

A number of compounds and mixtures were tested in the 
manner described. The concentrations of biocide, or biocide mixture, 
x^ch prevented any viable organisms giving rise to growth in the 
fourth 10 mm aliquot placed on a malt agar plate were noted as 
providing effective control of the soil organisms . 

The results obtained were used to plot the variation of FLC 
with the relative propoirtions of the biocide canq>onents. These 
results are set out in accos^ahying Figures 1 to .11, wherein 

Figure 1 is a plot of the variation of FLC using ZHMT (the 
zinc coiiq)lex or salt of 3-hydroxy-4-methylthiazol^2(3H)-thione) or 
l,2-benzisothiazolin-3-one (BIT) or mixtures thereof ; 

Figure 2 is a plot of the variation of FLC using ZHMT or 
formaldehyde or mixtures thereof; 
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Figure 3 is a plot of the variation of FLC using ZHMT or 
l,2-dibronio-2,4-dicyanatobutane (T38) or mixtures thereof; 

Figure 4 is a plot of the variation of FLC using ZHMT or 
glutaraldehyde or mixtures thereof; 

Figure 5 is a plot of the variation of FLC using ZHMT or 
chloAexidine or mixtures thereof; 

Figure 6 is a plot of the variation of FLC using ZHMT or 

2-methyl.4,5.trlmethylene.4-isothia2olin-3-one (MTI) or mixtures 
thereof; 

Figure 7 is a plot of the variation of FLC using ZHMT or 
5-chloro-2.methylisothiazolin-3.one (CIT) or mixtures thereof; 

Figure 8 is a plot of the variation of FLC using ZHMT or 

^^12"^16^*^^*^^^^yl-^enzylammonium chloride (VCL) or mixtures 
thereof ; 

Figure 9 is a plot of the variation of FLC using ZHMT or 
o-phenylphenol or mixtures thereof; 

Figure 10 is a plot of the variation of FLC using ZHMT or a 
mixture of quaternary ammonium chlorides (available as Bardac 205M 
(205) from Lonza Inc) or mixtures thereof; 

Figure 11 is a plot of the variation of FLC using ZHMT or a 
poly(hexamethylenebiguanide) hydrochloride having an average 
molecular weight in the ;ange 1850 to 3300 (PHB) or mixtures of ZHMT 
and PHB« 

In Figures 1 to 11, the concentration of the biocides are 
given as a proportion of the fractional lethal concentration (FLC) 
"fi^ere 


" Concentration of c ompound in tni-n-nro xghich controls growth 
Concentration of compound alone \^ich controls growth. 
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In Figures 1 to 11, the dotted straight line represents the 
relationship if an additive effect is achieved. The solid line 
represents the relationship as determined experimentally* In Figure 
3, using a mixture which is not in accordance with the present 
invention, the dotted and solid lines coincide showing that this 
mixture gives an additive effect. 

It should be noted that not all of the biocides used with 
ZHMT were effective under the test conditions described even at the 
highest concentration tested and with these materials a value of one 
on the axis of the graph represents a numerical extrapolation to a 
point x^ere the compound alone gives control. 

From the plots in Figures 1 to 11, it is possible to 
determine the tn-in-iimirn value of the FLC of the mixtures used and the 
proportions of the two cosq)onents which are required to attain this 
tm'ni'tnum value. This information is set out in the following Table 
together with results using further mixtures ^ich are not 
represented in Figures 1 to 11 including mixtures, not in accord^ce 
with the present invention, xdiiich did not give a m ini m um value of 
FLC. 
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lABLE 


1 Example 

1 ZHMT (a) 

i Blocide 1 

Total 

1 or Comp 

1 Amount 

1 Tyoe ic) 

1 Amount 1 

FLC 

1 Ex. 

1 (ppm) (b) 

1 (c) 

1 f ntnn) fh) 1 

(d) 

1 A 

1 50 

! NIL 

1 0 1 

1.0 1 

1 B 

1 0 

BIT 

1 ^3 1 

1.0 1 

1 1 

1 20 

BIT 

1 22 1 

0.75 1 

1 C 

1 0 

'FA 

1 1600 1 

1.0 1 

i 2 

1 12.5 

FA 

1 400 1 

0.5 1 

1 ^ 

1 12.5 1 

GA 

1 2000 1 

1.0+ 1 

1 3 

1 15 1 

GA 

1 1200 1 

0.75+ 1 

1 s 

1 0.0 1 

CH 

1 6000 1 

1.0 1 

1 4 

1 12.5 1 

CH 

1 1200 1 

0.45 1 

1 F 

1 12.5 1 

MTI 

1 60.0 1 

1.0+ 1 

1 5 

1 17.5 1 

MTI 

1 3^ 1 

0.8+ 1 

1 6 

1 0.0 1 

CIT 

1 2.4 1 

1.0 1 

1 6 

1 17.5 1 

CIT 

1 12 1 

0.85 1 

1 H 

1 0.0 1 

VCL 

1 350 1 

1.0 1 

1 7 

1 15 J 

VCL 

1 1^0 1 

0.7 1 

1 I 

1 0.0 1 

DPP 

1 300 1 

1.0 1 

1 8 

1 20.0 1 

OPP 

1 105 1 

0.75 1 

1 J 

1 0 1 

205 

1 125 1 

1.0 1 

1 9 

1 12.5 1 

205 

1 37.5 1 

0.55 1 

1 K 

1 12.5 1 

PHB 

1 200 1 

1.0+ 1 

1 10 

1 15 1 

PHB 

1 120 1 

0.75+ 1 

1 L 

0 1 

T38 

1 100 1 

1.0++ 1 

H 

30 1 

T38 

1 70 1 

1.3+^ 1 

K 

40 1 

T38 

1 10 1 

0.9++ 1 

0 

0.0 1 

BRO 

1 ^9*2 1 

1.0 1 

P 

62.5 1 

6R0 

1 49.2 1 

2,25 1 

Q 1 

75 1 

BRO 

1 24.6 1 

2.0 1 

^ 1 

0 1 

DS 

1 1000 1 

1++ 1 

s 1 

62.5 1 

DS 

1 1000 1 

2.25++ 1 

T 1 

75 1 

DS 

1 500 1 

2.0++ 1 

JJ 1 

0 1 

DA 

1 1000 1 

1.0++ 1 

V 1 

87.5 1 

DA 

1 800 1 

2.55++I 
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Hotes to Table 

(a) ZHMT is the zinc conq)lex or salt of 
3-hydroxy-4-inethylthiazol-2(3H)-thione and can be prepared 
as described in Kxample 2 of EP-A-2A9328. 

(b) Amount is the concentration of the active component in 
parts per million w/v of the liquid mixture. 

(c) BIT is l,2-benzi80thiazoline-3-one 
FA is formaldehyde 

GA is glutaraldehyde 
CH is chlorhexidine 

MTI is 2-methyl-4,5-trimethylene-4-isothiazolin-3-one 
CIT is 5-chloro-2-methyli80thiazolin-3-one 
VCL is (C^^-Cj^g) alky Idime thy Ibenzyl ammonium chloride 
OPP is o-phenylphenol 

205 is a mixture of quaternary ammonium chlorides available 
as Bardac 205H from Lonza Inc. 

PHB is poly (hexamethy lene biguanlde) hydrochloride having an 

average molecular weight in the range 1850 to 3300 

T38 is l»2-dibromD-2,4-dicyanatobutane 

BRO is 5-bromo-5-nitro-l,3-dioxan 

DS is 2»3.5,6-tetrachloro-4-methylsulphonylpyridine 

DA is 

3- ( 2-chIorobenzyl ) -2 , 2-dimethy 1-4- { triazol-l^yl) butan-3 -pi 

(d) FLC is the fractional lethal concentration and is the 
concentration \^ich prevents growth in the "Evaluation of . 
microbial activity* test as described herein and for any 
confound is given by the relationship:- 

FLC = Concentration of compound in mixture \^ich prevents growth . . 


Concentration of CQiiq>ound alone ^^ch prevents growth 
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+ At the mnxinrnm level used, these compounds alone did not 
prevent growth under the test conditions described and were 
effective to prevent growth only in combination with a 
quantity of ZHMT. With these compounds. FLC is calculated 
as follows ;- 

(Concn> of compound in m-i^ ture preventing growth ) x [1-(PLC of ZHMT 
Highest concn of conq>ound used at highest concn 

of other 
compound) ] 

Hence p if the highest concentration of a CQiiq>ound which 
prevents growth is 1000 ppm in the presence of 10 ppm of ZHMT, the 
relationship is 

(Concn of compound in mixture preventing growth) x (1-10) 
1000 50 

that is 0.8 (Concentration of compound in mixture prevent growth ) 

1000 

++ At the Ttinxlimtm level used, these CQnq>ound alone did not 

prevent growth under the test conditions described and were 
effective to prevent growth only in combination with a 
quantity of ZHMT but did not give a miniimm value of FLC. 
With these coiiq)ounds, FLC is determined using the highest 
concentration of the particular canq)ound used, for example 
a CQiiq)ound alone does not give control at 1600 ppm but in a 
mixture with ZHMT control is achieved with 40 ppm of ZHMT 
and 1200 ppm of the compound, the FLC for this mixture is 

40 + 1200 - 0.8 + 0.75 « 1.55 
50 1600 
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CLAIMS 


1. A con^osition i^ich comprises 

(A) at least one cooqpound of the formula (I) 


A 

/ V 

B N - OR 



D 


or a salt or cQiiq;>lex thereof; and 

(B) at least one other biologically active confound which is 
(i) an agent effecting membrane permeability; 
(ii) an isothiasolinone or an isothiazolothione; or 
(iii) an aldehyde;, 
wherein 

A is a nitrogen or carbon atom, ^^ch may be substituted; 
B and D are, independently, oxygen or sulphur or a nitrogen or 
carbon atom v^ch may be substituted; or 
A and/or B and/or B and/or D may be part of a ring system; 

R is hydrogen, a hydrocarbyl group, a substituted hydrocarbyl 
group, an acyl group, a substituted acyl group or a group 
-COOR^; and 

R^ is a hydrocarbyl group with the proviso that B and D are 
not both sulphur or 'both oxygen. 

2. A composition as claimed in claim 1 herein component (A) 

is a compound in ^^ch A, and optionally one or both of the groups B 
and D are a group -CCR^)^-, a group -CR^«, a group C*NR^, a group 
-NR or a group -N=, wherein 

R^ is a hydrogen atom or an alkyl group containing up to five 
carbon atoms 
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3. A conq)osition as claiaied in either claim 1 or claim 2 
x^erein coiq)ozient (A) is the zinc salt or complex of 
3-h7droxy-4-methylthiazol-2 (3H) - thione . 

4. A composition as claimed in any one of claims 1 to 3 
herein component (B)(i) is a phenol. 

5. A composition as claimed in any one of claims 1 to 3 
wherein con^onent (B)(i) is a cationic disinfectant. 

6. A composition as claimed in claim 5 'herein component 
(B}(i> is a biguanide or a quaternary ammonium compound. 

7. A con^osltion as claimed in claim 6 wherein conq>onent 
(B) (i) is a chlorhezldine salt or a poly(hezamethylene biguanide) 
having an average molecular weight of from about 1100 to about 3300. 

8. A composition as claimed in claim 6 wherein component 
(B)(i) is a quaternary ammonium salt of \e general formula (TV) 

[NR^R^R^R^] E (IV) 

R is a hydrocarbyl group or substituted hydrocarbyl group; 
R^, R^ and R^ may be the same or different and are a hydrogen atom, 
hydrocarbyl group or a substituted hydrocarbyl group; and 
E is an a n ion having a valency, and being in an amoimt, to 
give a neutral coiiq>ound; 

herein 

R^, R^. R^ and R^ together contain at least six aliphatic carbon 
atoms or two or more of p/ R^ and R^, together with the nitrogen 
atom to which they are attached, form one or more heterocyclic rings 

9. A composition as claimed in claim 8 i^erein conqponent 
(B)(i) is benzyl dimethyl (C^^-C.g) alkyl ammonium chloride. 
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10. A composition as claimed in either claim 1 or claim 2 

wherein component (B)(ii) is a compound of the general formula 

Z 


II 



T^rein 

Z is an oxygen or sulphur atom; 

is a hydrogen atom, a substituted or unsubstituted 
hydrocarbyl group, a substituted or unsubstituted 
hydrocarbylthio group, a substituted or unsubstituted 
hydrocarbyloxy group,, a carbamoyl group or a cation; 

R is a hydrogen atom, a halogen atom, a cyano group or a V 
substituted or unsubstituted hydrocarbyl group; 

R is a hydrogen atom, a halogen atom, a cyano group, or a X- 

substituted or unsubstituted hydrocarbyl group; or 
8 9 • • \ 

R and R together with the carbon atcnns to ^ich they are attached 

form a five- or six- membered ring, which may optionally t>e 

substituted. 

11. A coiq>osition as claimed in claim 10 wherein coo^onent 

7 

(B) (ii) is a compound in ^ich Z is an oxygen atom and R is a 
hydrogen atom or an alkyl group containing up to five carbon atoms. 

12. A composition as claimed in either claim 10 or claim 11 ^ 
wherein CQnq>onent (B}(ii) is 2-methylisothiazolin-3-one; 
5-chloro-2-methylisothiazolin-3-one; 

4 . 4- dichlore-2-methylisothiazolin-3-one ; 1 , 2-benzisothiazolin-3-6ne ; ' 

4.5- trimethylene-4-i8othiazolin-3-one or 
2-methyl-4 , 5-trimethylene-4-i&tothiazoline-3-one . 
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A composition as claimed in eli-ho^ „t • , 
therein component fBWlH. • 7 ^ °' '^^^^ 2 

°»P (B)(.xx) xs formaldehyde or gluteraldehyde . 
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